Introduction: Catheter ablation (CA) has emerged as the preferred modality of
T A B L E 1 Ablation characteristics of reported cases of coronary artery injury related to catheter ablation related to CA to understand the incidence, mechanisms, ablation characteristics and outcomes associated with this infrequent but serious complication.
| MATERIALS AND METHODS
We conducted a computerized literature search of PubMed from inception until 1 May 2017 using the keywords "coronary artery" and "ablation." This review was conducted in concordance with preferred reporting items for systematic reviews and meta-analyses (PRISMA). 3 We also reviewed the bibliography of the retrieved articles to ensure inclusion of all available studies. We included all studies published in English that reported cases of coronary artery injury related to cardiac ablation procedures. There were no exclusion criteria.
Selected studies were then reviewed and data on ablation char- 
| RESULTS
Our search strategy identified 2817 published articles. After initial abstract review, 43 articles met our inclusion criteria. They represented 61 cases of coronary artery injury attributed to CA procedures from 1992 to 2017 (Table 1) . Age of the patients reported ranged from 2.5 to 74 years. Radiofrequency energy was the predominant mode of ablation lesion delivery (95.1%, 58) with cryoablation reported in 3 cases (4.9%).
| Types of arrhythmia
In 52.5% (32) cases of reported coronary injury, ablation was performed for atrioventricular reciprocating tachycardia (AVRT).
Cavotricuspid-dependent atrial flutter (12, 19 .3%), ventricular tachycardia (VT)/premature ventricular contractions (8, 13.1%), and atrial fibrillation (6, 9.8%) were the other arrhythmia types for which CA was performed ( Figure 1 ). The other reported cases involved ablation of atypical atrial flutter in two cases and AV nodal reentrant tachycardia (AVNRT) in one case (Table 1) .
| Site of ablation
Posteroseptal pathway ablations in AVRT contributed to the largest number of reported cases (35.6%) of coronary injury after CA. This was followed by cavotricuspid isthmus (CTI) ablation of typical atrial flutter, which accounted for 19.3% cases of coronary injury. Three cases reported coronary injury after CA at mitral isthmus (for AVRT, atrial fibrillation and atypical atrial flutter each). In addition, left lateral pathway ablation (13.3%) and pulmonary vein isolation (PVI) (7.6%) were the other major ablation sites that resulted in coronary injury ( Figure 2 ). There 
| Site of coronary injury
Injury to right coronary artery (RCA) system was the most frequent (66%) compared with other coronary vascular territories ( Figure 3 ). In posteroseptal pathway ablations, which constitute 35.6% of cases, the posterolateral branch (PLB) of the RCA was the most frequently (Table 2) . (Table 2 ).
| Management
In a majority of the cases, patients required only expectant medical management (44.2%). In 32.7% of patients, percutaneous coronary intervention with angioplasty and stenting was performed. In 11.5%
of patients, balloon angioplasty alone and in one patient guidewire based recanalization was performed. Three deaths were attributed to acute myocardial ischemia/infarction (intraprocedural ventricular fibrillation arrest, on postoperative day 1 and on postoperative, respectively).
| DISCUSSION
Coronary artery injury during arrhythmia ablation is a high-risk complication that is not widely recognized. While prior data suggest that the incidence is rare, it is likely that a number of these coronary injuries are missed or underreported. In this systematic review, we aimed to summarize the characteristics of CA-related coronary artery injury with respect to the type of arrhythmia. Our study results suggest that the coronary artery injured is anatomically related to the site of ablation in almost all cases (56, 91.8%), and thus can be predictable and potentially avoidable as well. Of the 5 (8.2%) patients without direct anatomical correlation, a left-sided access (retroaortic or transseptal) was utilized in all patients, suggesting that a considerable proportion of these could be due to the embolic phenomenon that can be reduced by due attention to anticoagulation targets and prevention of air entry.
In and 7.3 ± 3.3 mm at the anterior and septal parts, respectively. The minimum distance to the isthmus was 4.5 ± 2.6 mm. In their study, at the septal side of the CTI, the distance to the RCA increased with a mean of 7.3 ± 3.3 mm. 5 In another study, Al Aloul et al conducted a similar analysis studying the proximity of the RCA to the CTI using contrast enhanced computed tomography images. They reported that paraseptal, central, and lateral measurements at the tricuspid annulus ridge showed endocardial to RCA distance 9 ± 3, 6 ± 2, and 5 ± 3 mm. 6 Thus, the RCA seems to be more separated from the CTI on the septal aspect and has a closer relation on the lateral aspect. orthogonal views. 4 Intracardiac echo can also be a valuable tool to assess the proximity to arteries especially in the SOV, CTI, and mitral isthmus.
In addition to understanding the anatomical proximity, limiting the duration and the power during radiofrequency ablation can reduce the risk of coronary injuries. 7 In places with rapid cardiac movement or acute tissue curvature resulting in limited catheter stability, cryoablation can help in improving stability and thus prevent inadvertent catheter dislocation. In the case of unexpected catheter dislocation into coronaries, ablation should be discontinued immediately, and catheter flexion should be relaxed to gently withdraw the catheter to avoid damage. Energy sources such as electroporation that target tissue and spare coronary arteries have a potential for improving safety further and need to be tested in the future. 8, 9 The mechanism of acute coronary injury during CA includes vasospasm-related coronary occlusion, coronary dissection, or plaque rupture. 10, 11 Delayed coronary events after ablation could be related to medial necrosis and intimal hyperplasia. clinical suspicion for such complication is encouraged in patients with chest pain during or after the procedure. There is early evidence supporting safety of cryoablation over radiofrequency ablation in areas in close proximity to coronary arteries, although not conclusive. 7, 15 In our series, all patients with ST changes when persisted despite nitrate administration underwent percutaneous coronary intervention (PCI). Though many cases of coronary injury required stent placement (32.7%), 44.2% cases were managed conservatively. Six months follow-up on a small group of patients with coronary stenosis without complete occlusion who were managed conservatively showed only minimal residual narrowing. However, long-term follow-up on these patients are not available.
| LIMITATIONS
The study is a review of the reported coronary injury cases related to CA and hence do not represent the actual prevalence of CA-related coronary injuries. All the data used for this study were obtained from individual reported cases and not from retrospective or prospective studies. As such, data on the total number of ablations performed to estimate the risk percentage of coronary injuries are not available.
Albeit such data would be an important measure to be reported, the current study design would not enable us to do it. Moreover, the larger share of injuries related to different arrhythmia types might be simply due to the relative frequency of such ablation procedures in current clinical practice.
| CONCLUSION
In summary, we report the first systematic review of all reported cases of coronary artery injuries related to CA procedures. Most 
